Objective: Cross-sectional, longitudinal, and genetic associations exist between irritability and depression. Prior studies have examined developmental trajectories of irritability, clinical outcomes, and associations with child and familial depression. However, studies have not integrated neurobiological measures. The present study examined developmental trajectories of irritability, clinical outcomes, and cortical structure among preschoolers oversampled for depressive symptoms. Method: Beginning at 3 to 5 years old, a sample of 271 children enriched for early depressive symptoms were assessed longitudinally by clinical interview. Latent class mixture models identified trajectories of irritability severity. Risk factors, clinical outcomes, and cortical thickness were compared across trajectory classes. Cortical thickness measures were extracted from 3 waves of magnetic resonance imaging at 7 to 12 years of age. Results: Three trajectory classes were identified among these youth: 53.50% of children exhibited elevated irritability during preschool that decreased longitudinally, 30.26% exhibited consistently low irritability, and 16.24% exhibited consistently elevated irritability. Compared with other classes, the elevated irritability class exhibited higher rates of maternal depression, early life adversity, later psychiatric diagnoses, and functional impairment. Further, elevated baseline irritability predicted later depression beyond adversity and personal and maternal depression history. The elevated irritability class exhibited a thicker cortex in the left superior frontal and temporal gyri and the right inferior parietal lobule. Conclusion: Irritability manifested with specific developmental trajectories in this sample enriched for early depression. Persistently elevated irritability predicted poor psychiatric outcomes, higher risk for later depression, and decreased overall function later in development. Greater frontal, temporal, and parietal cortical thickness also was found, providing neural correlates of this risk trajectory.
ssociations between irritability and depression are of interest in developmental psychopathology. The unique role that irritability plays in pediatric depression is evident in that, in multiple editions of the DSM, irritability is a criterion for pediatric, but not adult, depressive disorders. Indeed, youth irritability predicts subsequent depression, and offspring of depressed mothers face increased risk for irritability and subsequent depression. [1] [2] [3] [4] Moreover, phenomenological work has begun to elucidate distinct developmental trajectories of irritability in youth, 2, 5 including associations with maternal depression. However, it is essential to integrate brain development into this research and examine longitudinal outcomes. We present the first study linking trajectories of irritability severity to brain structure differences in a pediatric sample enriched for depression. This adds to a small but growing literature examining the development of irritability, its neural underpinnings, and associations with depression and other clinical outcomes.
It is important to begin longitudinal studies of irritability and depression as early as preschool. Although temper outbursts are ubiquitous in preschoolers, normative and non-normative outbursts can be differentiated, providing opportunities for early interventions. [6] [7] [8] Early intervention could be particularly important in preschoolers also showing symptoms of depression and/or anxiety. The frequency of temper loss generally decreases during development, albeit with interindividual variability. 7 Prior population-based work identified several latent trajectories of irritability, in which most children showed low irritability that decreased across the first 9 years of life, but smaller subsamples exhibited chronically elevated or increasing irritability, which were more likely to have a maternal depression history and to develop more internalizing symptoms themselves. 2 Another longitudinal study similarly found a small group of children with chronically elevated irritability trajectories exhibiting the worst outcomes, including antisocial personality features in adulthood. 5 Similar trajectories have been noted across adolescence and young adulthood when examining irritability related to aggression and violence. 9 Critically, irritability relates to parental history of depression and anxiety and to risk for subsequent depression and impairment. 3, 4 Indeed, across ages, meta-analysis longitudinally associates irritability with risk for depression, anxiety disorders, and global impairment, 1, 10 whereas other studies highlight significant genetic associations between depression and irritability. 11, 12 Complementing these behavioral studies, recent work has probed the neural correlates of clinically impairing irritability in youth, although none in a pediatric sample with elevated early symptoms of depression.
Irritable youth show dysfunctional frontal, cingulate, and striatal responses to induced frustration 13, 14 and aberrant frontal and amygdala responses during emotional face processing. [15] [16] [17] However, few studies have examined irritability-related differences in brain structure. Youth with severe irritability (specifically, disruptive mood dysregulation disorder) exhibit smaller gray matter volume in the pre-supplementary motor area, 18 dorsolateral prefrontal cortex, 18, 19 superior frontal gyrus (SFG), 19 and larger insula volume 18 compared with healthy youth.
The present study leveraged a pediatric sample enriched for early depressive symptoms and followed prospectively to examine trajectories of irritability severity from preschool through late childhood/early adolescence. Importantly, this is the first study to examine differences in brain structure as a function of these trajectories; specifically, we measured cortical thickness across 3 neuroimaging waves during late childhood/early adolescence. Further, we add to the growing literature on irritability by focusing specifically on a sample enriched for early depression. Similar to prior work, 2 we expected classes of youth with low and declining or chronically elevated or increasing irritability trajectories across development. We hypothesized that classes with elevated irritability would show higher rates of depressive symptoms compared with others. Also, building on the affective disorders literature, we hypothesized associations between irritability and cortical thickness in prefrontal cortical regions involved in cognitive control and emotion regulation.
METHOD

Participants
Participants were drawn from the prospective longitudinal Preschool Depression Study (PDS; N ¼ 306; present analyses examined 271 with !3 annual clinical assessments available as is necessary for growth curve modeling; Table S1 , available online, presents demographics by subsample). The PDS has the broad goal of exploring clinical and neural outcomes relating to preschool-onset depression. Details of the study have been published previously. 20 Briefly, 3-to 5-year-old children and their primary caregivers were recruited from the St. Louis metropolitan area with oversampling for early depressive symptoms. Children and caregivers completed in-depth clinical interviews annually; children participated in 3 annual neuroimaging scans beginning at 7 to 12 years of age. Parental written consent and child assent after 4 years of age were obtained before participation and the institutional review board at Washington University (St. Louis, MO) approved all experimental procedures.
Diagnostic Assessments
Staff, trained to proficiency by appropriate experts, conducted in-person assessments with participants and parents/guardians from enrollment through the time of the scans ( Figure S1 , available online, presents study flow diagram). Before children were 8 years of age, a semistructured parent-report interview was used to assess psychiatric symptoms (Preschool-Age Psychiatric Assessment; PAPA). 21 After 8 years of age, the child and parent reports on the Childhood and Adolescent Psychiatric Assessment (CAPA) 22 were collected. Interviews were audiotaped, reviewed for reliability, and calibrated for accuracy. 20 PAPA and CAPA data were summarized based on whether children ever received diagnoses of major depressive disorder (MDD), an anxiety disorder (generalized anxiety, separation anxiety, panic disorder, agoraphobia, and/or social phobia), oppositional defiant disorder (ODD) or conduct disorder (CD), or attention-deficit/hyperactivity disorder (ADHD) at any time point from baseline through the ninth annual assessment. Further, the presence or absence of 15 stressors endorsed at baseline was summed plus early exposure to poverty to create a composite early life adversity score (range 0-16; details are presented in Supplement 1, available online). Psychotropic medication use also was assessed, because this varied widely across participants and time; a summary variable of use ever was examined.
Measures
Irritability severity was defined as the sum of 5 items from the depression and conduct problems sections of the PAPA and CAPA (items: losing temper, nondestructive temper tantrums, irritability, touchy or easily annoyed, angry, or resentful). Supplement 1, available online, presents full definitions, stem questions, and coding rules for these items. Similar to prior work, 3 the presence of symptoms at each assessment was summed (range 0-5) based on PAPA parent report or if either reporter endorsed an item on the CAPA. 23 This measure was reliable across assessments (Cronbach a ¼ 0.75).
Parents rated children's functional impairment at the first scan session on the MacArthur Health and Behavior Questionnaire (HBQ). 24 Three HBQ subscales were of interest: functional impairment (range 0-16), global peer relationships (range 0-22), and academic functioning (range 0-32).
The Family Interview for Genetic Studies 25 assessed the presence of affective disorders in firstand second-degree relatives. The presence or absence of maternal depression or anxiety history was examined as a risk factor for internalizing symptoms in the child.
The Kaufman Brief Intelligence Test 26 or the Wechsler Abbreviated Scale of Intelligence 27 was used to assess IQ at school age (depending on age or study wave). Baseline socioeconomic status was quantified as a family's income-to-needs ratio 28, 29 (i.e., total family income divided by the federal poverty level, based on family size, at the time of assessment).
Examining Trajectories of Irritability Across Development
We used latent class mixture models implemented in R 30 using the lcmm package 31, 32 to identify latent groups of individuals who shared similar developmental trajectories of irritability severity. In these models, irritability was the dependent variable and age at each assessment (in months) was the independent variable. Details are presented in Supplement 1, available online.
Demographics and Clinical Outcomes
Baseline demographic differences (Table 1) 
Baseline Irritability as a Predictor
In addition, we used logistic regression to test whether baseline irritability predicted ever receiving a depression diagnosis above and beyond standard predictive/risk factors-sex, baseline PAPA depression symptom severity (excluding irritability, including negative mood, anhedonia, somatic changes, guilt, etc.), adversity, and maternal depression history. To examine specificity, we used a matched logistic regression with irritability predicting anxiety diagnosis, beyond sex, baseline anxiety severity (e.g., worrying, avoidance, fear/anxiety of separation, autonomic symptoms, etc.), adversity, and maternal anxiety history.
Magnetic Resonance Image Acquisition and Structural Analysis
Three waves of neuroimaging data were collected using a 3-T TIM TRIO Siemens scanner (Siemens, Erlangen, Germany). Structural images (1-mm isotropic voxels) were processed using the longitudinal stream 33, 34 in FreeSurfer 5.3 (http://surfer.nmr.mgh.harvard.edu/). Details are presented in Supplement 1, available online.
Of the 271 children with estimated irritability trajectories, 139 had 2 to 3 waves of structural data usable for longitudinal processing. Figure S2 , available online, shows the timing of these scans. Differences in cortical thickness were compared across classes controlling for age at the first scan and sex using a "different offset, different slope" general linear model in FreeSurfer (mri_glmfit). Specifically, 2 standard summary outcome measures from the longitudinal processing model were examined: temporal average (thickness at midpoint of linear fit) and rate of change in thickness across time. Cluster-wise correction was used for multiple comparisons (mri_glmfit-sim-cache 1.3 abs-cwp 0.05-2spaces) with a vertex-wise/cluster-forming threshold of a p value less than .05 and adjusting for tests in each hemisphere. Interactions with age and sex are presented in Table S2 , available online, because we did not have a priori hypotheses about these interactions and power was limited, given the small samples split within class by sex. Exploratory analyses examining potential interactions with quadratic effects of age also are noted in Supplement 1, available online.
RESULTS
Irritability Trajectory Characteristics
Of the 5 models tested (Table S3 , available online), the model of 3 latent classes ( Figure 1 ) showed the lowest Bayesian information criterion, the lowest Akaike information criterion, and the highest entropy, suggesting the best and most parsimonious fit and best classification of individuals. Some children (14.24%) showed high irritability during the preschool period, which remained high across development ("high irritability" class). Many children (53.14%) showed preschool-age irritability as elevated as the high irritability class, but decreasing across development ("declining irritability" class). This likely represents a normative trajectory across development. 7 Some children (30.63%) showed low preschool-age irritability, which remained low ("low irritability" class).
The children in the high irritability class were more likely to be male and slightly older at baseline and had more adverse childhood experiences ( Table 1 ). The trajectory classes did not differ significantly in race, age at scan, IQ, or income-to-needs ratio.
Clinical Associations
Compared with the other classes, children in the high irritability class showed higher rates of maternal depression history (Table 1) . These youths were more likely to receive a diagnosis of MDD, anxiety disorder, ADHD, or ODD/CD across clinical assessment waves (Table 1) .
Baseline levels of irritability, which were elevated in the high irritability class, predicted later MDD diagnoses (odds ratio 1.37, p ¼ .01) beyond the effects of sex, maternal depression, adversity, and other baseline depressive symptoms (Table S4 , available online). Indeed, in area and rates of child diagnoses across assessments. Group differences in these factors were tested by analysis of variance or c 2 test and significant group differences are indicated ( * p < .05; *** p < .001). We note the total sample with available data on each measure and the sample size within each class.
under the curve analyses predicting who did versus did not develop MDD, baseline irritability alone (area under the curve 0.73, 95% CI 0.68-0.79) was not significantly different in its discrimination from full baseline MDD symptom severity (area under the curve 0.82, 95% CI 0.77-0.87). The association between irritability and depression showed specificity in not predicting later anxiety diagnosis (odds ratio 1.02, p ¼ .89; Table S4 , available online).
Brain Structure
No regions showed significant differences in rate of change of thickness over time as a function of irritability class. Five regions did show overall differences in cortical thickness (temporal average, thickness at midpoint of linear fit) as a function of irritability trajectory classes ( Table 2 , Figure 2 ). The left SFG, left superior temporal gyrus (STG), and right inferior parietal lobule (IPL) showed thicker gray matter in children in the high irritability class; these regions showed the same pattern at each wave ( Figure S3 , available online). The left rostral middle frontal gyrus and right SFG showed a different pattern, specifically a thinner cortex in the declining irritability class compared with the other 2 classes. Various control analyses were examined to confirm these findings. The number of children ever taking psychotropic medications by the time of the first scan differed by trajectory class (Table 1) . However, all differences in cortical thickness across trajectory classes remained significant after controlling for medication use (p < .05). Of these 5 regions, only left SFG thickness differed significantly by medication use, showing a thinner cortex in those with prior medication use (Table S5 , available online). Medication use was too varied across children and time to examine effects of specific medications. In addition, we found no significant differences in cortical thickness when comparing participants who had or had not ever been diagnosed with MDD, anxiety, ODD/CD, or ADHD (Table S5 , available online), suggesting some specificity to irritability trajectories. These associations between trajectory groups also remained significant when controlling for baseline levels of non-irritability depression symptom severity, adverse life events, income-to-needs ratio, and irritability severity at scan. These covariates did not independently associate with thickness in any of these regions (Table S5 , available online).
DISCUSSION
This is the first study to relate latent trajectories of irritability symptoms across early development to cortical thickness in a sample of youth enriched for depressive symptoms during the preschool period. We identified 3 latent trajectories classes based on repeated semistructured clinical interviews from preschool age through adolescence. The class with chronically elevated irritability showed poor clinical outcomes, specifically increased rates of depression and other psychopathology and greater general functional impairment. This trajectory class experienced higher rates of maternal depression and early adversity. Furthermore, during later childhood/early adolescence, these chronically irritable children showed greater SFG, STG, and IPL thickness across 3 scan waves compared with other children in the sample. This work builds on the small prior literature examining trajectories and longitudinal outcomes of irritability. In addition, this work presents novel findings in a sample with elevated early depressive symptoms and in regarding cortical thickness.
Although this sample was enriched for children with elevated early depression symptoms, the latent trajectory classes identified resemble prior Five regions showed significant trajectory class-related differences in the temporal average of cortical thickness across scan waves. The Talairach coordinates at the peak of thickness differences are indicated (x, y, z) as is the area of each cluster (size). The average thickness across each cluster was extracted for each participant; the F statistic and effect size (partial h 2 ) of group differences in mean thickness from a univariate general linear model controlling for age and sex are indicated. The estimated marginal means from these models are indicated for each trajectory class as is a summary of the Bonferroni-corrected significant (p < .05) post hoc differences between classes (effect). D ¼ declining irritability; H ¼ high irritability; L ¼ low irritability. research. A large community-based study using parent-report questionnaire data from 1 to 9 years of age identified 5 latent trajectory classes. 2 The large sample in this prior study might have allowed for the identification of smaller trajectory classes that we did not detect. We did replicate findings that most children show a normative decline in irritability across early childhood, 2 although children in the present sample showed higher levels of irritability at baseline, possibly because of the high levels of early depressive symptoms. Further, we replicated a class of children exhibiting chronically high irritability who were more likely to have maternal depression history. We also noted a larger male proportion in this class, which could relate to our sample characteristics/acquisition but prior work did note a large male percentage in a high and steady irritability class. 2 Our work also identified similar but fewer classes than the work by Hawes et al. 5 Similarly, we found the worst psychiatric outcomes among children with early irritability that remained high across development, although this prior study found that most children were in a chronically low irritability class. 5 Notably, a strength and unique feature of the present study was the well-validated clinical interview assessment rather than questionnaire measures and the use of a preschool sample oversampled for depressive symptoms.
In examining cortical thickness in later childhood/early adolescence, we found that the left SFG, left STG, and right IPL showed increased thickness in the high irritability class compared with the other trajectory classes. This was stable across 3 neuroimaging waves. This also was robust when controlling for early depressive symptoms, baseline adversity, and baseline socioeconomic status, indicating some specific to irritability in general or in the context of elevated depressive symptoms. Prior work identified reduced gray matter volume in a similar but right hemisphere SFG region in children with disruptive mood dysregulation disorder, bipolar disorder, or ADHD compared with healthy youth. 19 However, ours is the first study to link developmental trajectories of irritability, based on a dimensional measure, to brain structure, and the first to examine this in a sample enriched for early onset depression. We also identified 2 regions showing a thinner cortex in the declining irritability class compared with the other classes, which was not hypothesized and should be explored in future work. In addition, future work is needed to examine the functional implications of these alterations in SFG, STG, and IPL structure. Given documented neuropsychological aberrations in pediatric irritability (e.g., [35] [36] [37] [38] ), these structural alterations could relate to deficits in attentional or executive control and potentially to reward processing or social cognition. In particular, prior work highlighted a similar SFG region as showing altered reward/loss processing in irritable children 13 and altered response to negative feedback in the IPL. 14 Given the limited number of brain morphometry studies on youth with elevated irritability or on psychiatrically impaired children scanned longitudinally, it is difficult to draw conclusions regarding increased cortical thickness in chronic irritability. Prior cross-sectional research on pediatric psychopathology showed mixed results. Studies of pediatric anxiety disorders [39] [40] [41] [42] and depression 43 suggested increased regional thickness or gray matter volume. Given cross-sectional, longitudinal, and genetic associations among irritability, anxiety, and depression, 1,10 increased cortical thickness could be a shared feature among the 3 symptoms. Other studies suggested a thinner cortex associated with ADHD, 44, 45 CD, 46, 47 and anxiety, although the latter study highlighted weaker associations in older youth. 48 A study also suggested slower patterns of typical growth and reduction of different subcortical volumes in youth with depression. 49 Longitudinal imaging studies suggested that youth with ADHD reach peak cortical thickness later than controls 50 and that greater cortical thinning is associated with worse ADHD outcomes. 51 The timing of neuroimaging across development could contribute to these mixed results. When interpreting increased cortical thickness, it is important to note the typical developmental thinning in the regions identified here in this age range, although critically, we do not identify any group-by-time interactions. Thus, further longitudinal studies of irritability in samples with and without early depression and other pediatric psychiatric problems are needed to determine the clinical significance and implications of increased and decreased cortical thickness.
The present study informs the demographic and clinical characteristics of children with high irritability that remains stable across development. Of note, although many children exhibit irritability, only a subset manifests persistent irritability across development even in a sample enriched for early depressive symptoms. This distinct, relatively small subset is worthy of clinical attention given the higher risk for later depression and general impairment. Importantly, elevated preschool-age irritability, particularly when persistent, might predict later depressive episodes and poorer clinical outcome over and above risk owing to familial depression history and early adversity. Our findings suggest the need to carefully monitor children with irritability, especially those who also have depressive symptoms, and to evaluate familial factors, such as maternal depression and early adversity. The present data suggest that children with persistently elevated irritability might be most in need of early intervention and prevention given the elevated risks of poor outcomes attributable to this potentially modifiable characteristic.
The present study replicates and provides further robust evidence for increased maternal depression and child psychopathology among children with chronically high irritability. 2 Because this sample was enriched for early depressive symptoms, the rates of maternal depression and child pathology are above the expected population rates. Nonetheless, the graded increase in risk and manifest illness across the low, declining, and high irritability trajectory groups is marked, mirroring prior findings. 2, 3 Children in the high irritability class also experienced more early life adversity. Furthermore, we note that early irritability symptoms, which are particularly elevated in the high irritability group, predict later depression above and beyond other risk factors, including maternal depression, adversity, sex, and perhaps most notably even other early depressive symptoms. These data suggest that early irritability might be a robust risk marker and that monitoring these symptoms across development aid prediction of later depression. Future work should continue to confirm the trajectories of irritability across development to highlight additional risk factors and clinical outcomes. Brain imaging beginning earlier in development also will be critical to identifying potential risk markers for sustained irritability and to better understand associated neural development. It also will be important to parse correlates of these neural differences to identify particular behaviors or outcomes associate with regional structure.
Although the present approach to retrospectively ascertaining irritability severity from diagnostic interview has been used previously (e.g., 52 ) and similar approaches have been used with questionnaire measures (e.g., 2, 5 ), future work should use measures specifically designed to assess irritability (e.g., the Affective Reactivity Index 53 or the Multidimensional Assessment of Preschool Disruptive Behavior 54 ). These measures could yield more robust assessment of irritability across development and avoid biased recall. In addition, a possible limitation of this study could be an omitted variable bias in our analysis and the creation of trajectories. As such, the present work should be compared with future studies using prospective and targeted measures to assess the generalizability of these results. Further, although the well-validated clinical interview assessments were a strength of the present study, we used only parent report at the early assessment time points (child report was not obtained before 8 years of age) and then combined parent and child reports at later waves. This maximized our use of the available data and should not contribute to systematic differences among trajectory groups. In addition, although the present study examined 3 annual waves of highquality neuroimaging, we did not have the data to assess brain structure early in development; earlier scanning could aid in predicting longitudinal outcomes and is an important future step. Moreover, although the oversampling for depressive symptoms in this sample was useful in examining associations with psychopathology, this might limit generalizability to population samples and thus future work in epidemiologic samples will be needed to replicate these effects.
In addition, psychotropic medication use differed across trajectory groups, but this did not affect the observed associations between irritability and cortical thickness. Medication use was related on its own to SFG thickness, although we were limited in our ability to parse effects of particular medications. Similarly, we observed differences in IQ between trajectory groups; that is, compared with the high irritability group, mean IQ was 6.42 points higher in the declining irritability group and 3.21 points higher in the low irritability group. Although these differences did not reach statistical significance and did not correlate with thickness in the regions identified here, we lacked the sample size to test moderation effects by IQ. Given associations between IQ and brain structure, 55 it will be important to examine this in future studies, particularly to explore interactions between IQ and irritability on brain development and depression risk. Although the overall sample was relatively large for neuroimaging studies, the subsamples in each trajectory group were too small to assess age and sex interactions.
Overall, in this sample enriched for early depression, we found evidence for distinct developmental trajectories of irritability across childhood and a unique role for irritability in brain development. Of note, irritability longitudinally predicted later depression in youth above and beyond typical risk factors in this enriched sample. Future studies with larger samples in community samples should examine these phenomena further. In particular, it will be interesting to explore potential moderation effects of age, sex, and other factors related to brain structure, such as psychotropic medication use, socioeconomic status, 29 IQ, 55 or cognitive control. 5 
SUPPLEMENT 1
Adverse Childhood Experiences Note that this rating is of a change in the child's usual liability to be precipitated into anger; it does not refer to the form of the anger once it has been precipitated.
Note bene: The irritable mood itself is being rated, not just its manifestations; thus, frequency and duration ratings refer to the number and length of episodes of the mood, not of the episodes of snappiness, shouting, or quarrelsomeness.
Has s/he been more irritable than usual in the last 3 months? Or made angry more easily? Has s/he had more tantrums than usual in the last 3 months? 0 ¼ absent 2 ¼ irritable mood present during at least 2 activities manifested by at least 1 instance of snappiness, shouting, or quarrelsomeness and at least sometimes uncontrollable by the child 3 ¼ irritable mood present in most activities, accompanied by snappiness, shouting, or quarrelsomeness and nearly always uncontrollable by the child PDA6I01 Touchy or Easily Annoyed. The child is generally more prone to FEELINGS of anger bad temper, short temper, resentment, sulking, or annoyance UNDER MINOR PROVOCATION than most children. This pattern need not represent a change in behavior.
Do things get on his/her nerves easily?
What sorts of things? Does s/he get annoyed more easily than most children, do you think?
The child is generally more prone to MANIFESTATIONS of anger or resentment (such as snappiness, shouting, quarreling, or sulking) under minor provocation than most children.
This pattern need not represent a change in behavior.
Does s/he get angry very often? Does s/he get "sulky" or "pout"?
Examining Trajectories of Irritability Across Development
In the latent class mixture models, irritability was the dependent variable and age at each assessment (in months) was the independent variable. Age was indicated to have a random and class-specific effect. A linear link function was used and the variance-covariance matrix for the random effect was diagonal. An automatic grid search was used to run the estimation function for a maximum of 20 iterations from 50 random sets of initial values to avoid convergence on local maxima. At the end, the parameters corresponding to the best logarithmic likelihood were used as initial values for the final estimation of the parameters.
Magnetic Resonance Image Acquisition and Structural Analysis
Three waves of neuroimaging data were collected using a 3-T TIM TRIO Siemens scanner. At each wave, 2 T1-weighted images were acquired in the sagittal plane using an MPRAGE 3-dimensional sequence (repetition time 2,400 ms, echo time 3.16 ms, flip angle 8 , slab 176 mm, 176 slices, matrix size 256 Â 256, field of view 256 mm, voxel size 1 Â 1 Â 1 mm). The T1 image with the best image quality was used for structural analyses.
Structural images were processed using the longitudinal stream in FreeSurfer 5.3 (http://surfer.nmr.mgh.harvard.edu/). 1 Processing included skull stripping, Talairach transformations, atlas registration, and creating spherical surface maps and parcellations, initialized with common information from an unbiased within-patient template. This longitudinal stream decreases biases that could occur by selecting a single image as a baseline for registration and increases reliability and statistical power significantly. 2 White and pial surfaces generated by FreeSurfer were visually inspected by a single trained and supervised staff member. Surface edits were performed as needed and the surfaces were regenerated as recommended by FreeSurfer for quality control. From the overall Preschool Depression Study imaging sample, approximately 10% of scans had to be discarded for poor scan quality. These data were resampled on an average template (fsaverage) and smoothed with a 10-mm full-width/ half-maximum kernel.
Testing Interactions with Quadratic Effects of Age
Because thickness can change nonlinearly with age, we examined a linear mixed model approach in Freesurfer 3, 4 in addition to the analyses noted in the main text. In this model, we included a random intercept for each participant, trajectory group as a between-subject factor, and interactions with linear and quadratic age trends across waves. Quadratic interactions between age and trajectory group were examined to test for potential nonlinear differences in thickness. No regions passed multiple comparisons correction when examining class-by-quadratic age trend interactions in these linear mixed models. Note: These regions showed interactions between trajectory class and/or age and sex (interaction); the F statistic of this interaction is presented as are the peak coordinates and size of each cluster. These effects were significant in models examining the temporal average of cortical thickness or rate of change (predicting). The trajectory classes split by sex or age were small, so we did not explore these interactions because they were likely underpowered. Note: The result with 3 trajectory classes was used for subsequent analyses because it showed the lowest Bayesian information criterion (BIC), the lowest Akaike information criterion (AIC), and the highest entropy. Although models with 4 or 5 classes showed slightly lower log-likelihood values, the BIC and AIC values were higher, the entropy was slightly lower, and both had small trajectory classes containing less than 10% of the sample. Bold typeface denotes the model that was selected for the analyses in the current study. Note: Significant predictors (p < .05) are in italics. Baseline irritability was a significant predictor of later MDD above and beyond sex, maternal MDD, baseline MDD symptoms (subtracting out irritability symptoms from the depression module), and adverse childhood experiences. This effect was not significant when predicting anxiety. 
FIGURE S3 Mean Cortical Thickness From Each Cluster Showing Significant Whole Brain Trajectory Group Differences in the
